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unmits 1s defective. The present disclosure may help an
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Obtaining corresponding target grayscale according to target SOT
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Provide an initial data voltage to pixel units of a display /'8023\
panel, so that the display panel reaches a full dark state
~S02
Obtain a voltage at the first electrode of each of the driving /'SOZb/
transistors , as the threshold voltage of the driving transistor
| Calculate a sum of the threshold voltage of each driving transistor S03
and the theoretical data voltage, as a target data voltage of
corresponding pixel unit
provide each of pixel units with the corresponding target 04
data voltage, so that the display panel reaches the target /S
brightness
| Detect an actual value of an electric signal at the first electrode 11
of each driving transistor when the display panel reaches the
target brightness
calculate a difference between a standard value and the actual S121
value of the electric signal corresponding to each of the pixel q O
units
Compare the difference corresponding to each of the pixel units S121
with a predetermined value. When the difference is greater than b
the predetermined value, determine that the pixel unit is a > 3123

defective pixel unit. Determine a defect type of the defective
pixel unit according to a correspondence between each of the
defect types and a respective one of difference ranges

count the number of pixel units belonging to each of the

defect types, and output a statistics result

S122
. I
5 Generate a reference image 3
S122
erform a histogram normalization on the reference h
- >
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according to the histogram normalized reference image |/~ » ~

FIG. 2



US 10,593,242 B2

Sheet 4 of 5

FIG. 3a

.Ul. " B ERN

L N L . N L L . N N . Ll . N L . N N N L N N N N N N N N N N L N N N N L L L . N N N N e N N N L L N N L N L N L L N N L N N N N L N L N L N N L N

-

o

-
i
o S AR
o A A
P iy = =
eSS IR R
ey E R EEEER
PR B R B R R AA A A A A llllllllllllllllll
e

F R i NN
\lli\l‘.\l‘.\lil‘l‘!i!il_-l HEEEEENENER ll"l"l"l"l"l"l"l"l"l

*l‘“..‘.k‘.k‘.k‘ H HE E E N EEEBR Il."I"I"."I"I"."I"I"."I"I".

o a

-

F

" ..HHHHH L IIIIIIIIIIIIIIIIII

..H.H.HH.H " En III.IIIII.IIIII.III
- ln w m m n

F N ) "N NN N EEEEEEEEN
rsw-srs-wswr I.II.II.II.II.II.
T T AR R R R ]

P ‘AR R R R AR R

I O N N EEEEEEENEEEEN

e R e e
e
e e A

- """ """

e el el e e

L i i i lllllllllllll

ER N N NN " E E EEEEEEEEENEEEEEEEEENEER

R I
1\\\\\\\\\\\\.‘“““““““ H E B EEEESEENEEEERN lllllllllllllllll

.\.n\n\nln\n\nln\n\nln\n\hmﬂnﬂmﬂlﬂlﬂlﬂl‘ E B EEEENENENEHR -r--l-ll-l-l-lll-l--l-ll

EIE B E I BRI N R RN RE I IR N E I RE N RN E I N ]

w e e e e e e e e e e e e A e e e e e e e e e e e e e

-
‘Ill LI I NN EEBEEEREEBREEREEBREREEREEBEEREEBREEREEBEEREEREEBREREREBEREEEREEREEBREREBERERDBEDRIEBNEDNIDBNNENIDRNND!
L H E E EEEEEEEEEEE NN E NN NN NN E NN NN NN NN NN EEEEETR

e e E N E N EEEEEEENEN " nEn
il ol ol il ol A i i i Al A A A mEmE NN EEEE NN R R E R

BRI i Ll s e i A i A A

A A A A A A A A A A A A A A A A A A A A A A A T
- A S FFF SN NNFNFNFNFNFNFEFNFEFNFNFNFEFEFFEFEFFEF PP PP r Py rrrrrreryrrrr-mw - -

-

L R R e e e e e e e e e e e e e e e e

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

F L g g O I F O g O g g N O g uE s NN NN

B

DaE IE N I I W W RE R RN I R R IR IR N R R R R IR I N N R R R R I I N N RE R R RN R R R I N N
T R R R R SR SR R R A A A S S S A A S S S S A A S S S A A A S SR SR S A A S S S R R R A IR S S e e

E R N N N N N N N N N N N N N N N Ny N N N N Ny rey.y.)

e e e e e e A

Y Yy DD
L B R B B B I IF BF B BF R B N N N N N I

Srenl o o o o o

ol ol ol cal ol cal kol al cal ko ol kil al nk k a ak k L -ll-l--l-l--l-l--l-ll-l-l-ll

Mar. 17, 2020

U.S. Patent

FIG. 3b



U.S. Patent Mar. 17, 2020

Theoretical Data
Obtaining Device /25

Threshold

Sheet 5 of 5

[

21

Detector

Obtaining Device

Data Driver

/ 22

27
Compensation Device

—
20

Target Data 22
( Obtaining Device
22

Calculating Device

Comparator

First Determination
Device

analyzer

23/| Statistic Calculator

FIG. 4

—
Theoretical Data

Obtaining Device | -5

Threshold
Obtaining Device

Target Data
Obtaining Device

,| Data Driver

27
Compensation Device

20

Detector

Generator

analyzer

Processor

Image

Second
Determination Device

US 10,593,242 B2

122

Image Display |

FIG. 5

—
28



US 10,593,242 B2

1

DETECTION METHOD AND DETECTION
DEVICE OF DISPLAY PANEL

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present disclosure claims the priority of Chinese
Patent Application No. 201710335020.8, filed on May 12,

2017, the contents of which are incorporated herein by
reference in 1ts entirety.

TECHNICAL FIELD

The present disclosure relates to the field of display
technology, and 1n particular, to a detection method and a
detection device of a display panel.

BACKGROUND

Organic light-emitting devices (OLEDs) have been
widely used 1n display devices due to their advantages such
as active emission, good temperature characteristics, low
power consumption, fast response, wide viewing angle,
ultra-thin and low cost.

SUMMARY

The present disclosure provides a detection method and
detection device of a display panel.

In an aspect of the disclosure, a detection method of a
display panel 1s provided, the display panel includes a
plurality of pixel units, each of the plurality of pixel units
includes a light emitting diode and a pixel circuit for driving
the light emitting diode, the pixel circuit includes a driving,
transistor with a first electrode of the driving transistor
connected to the light emitting diode, the detection method
includes steps of: detecting, by a detector, an actual value of
an electric signal at the first electrode of the driving tran-
sistor 1n each of the plurality of pixel units when the display
panel reaches target brightness, and determiming, by an
analyzer, according to the actual value of the electrical signal
corresponding to each of the plurality of pixel units, whether
cach of the plurality of pixel units 1s defective.

Optionally, the analyzer includes a calculating device, a
comparator and a first determination device, and the step of
determining, by an analyzer, according to the actual value of
the electrical signal corresponding to each of the plurality of
pixel units, whether each of the plurality of pixel units 1s
defective includes steps of: calculating, by the calculating
device, a difference between a standard value and the actual
value of the electric signal corresponding to each of the
plurality of pixel units; comparing, by the comparator, a
predetermined value with the difference corresponding to
cach of the plurality of pixel units; and determining, by the
first determination device, a pixel unit corresponding to the
difference as a defective pixel unit when the difference 1s
greater than the predetermined value, and determining a
defect type of the defective pixel unit according to a corre-
spondence between each of a plurality of defect types and a
respective one of diflerence ranges.

Optionally, the standard value 1s an average value of the
actual values of the electrical signals corresponding to the
plurality of pixel units of the display panel.

Optionally, after the step of determining, by the first
determination device, a pixel unit corresponding to the
difference as a defective pixel unit when the difference 1s
greater than the predetermined value, and determining a

10

15

20

25

30

35

40

45

50

55

60

65

2

defect type of the defective pixel unit according to a corre-
spondence between each of the plurality of defect types and
a respective one of difference ranges, the detection method
further includes: counting a number of pixel units belonging
to each of the plurality of defect types by a statistic calcu-
lator, and outputting statistics result.

Optionally, the analyzer includes an image generator, an
image processor, and a second determination device, and the
step of determining, by an analyzer, according to the actual
value of the electrical signal corresponding to each of the
plurality of pixel units, whether each of the plurality of pixel
units 1s defective includes steps of: generating a reference
image by the 1image generator, the reference 1image compris-
ing a plurality of pixel points having a one-to-one corre-
spondence to the plurality of pixel units of the display panel,
a grayscale of each of the plurality of pixel points being
positive correlated with the actual value of the electrical
signal at the first electrode of the driving transistor in the
respective one of the plurality of pixel units; performing
histogram normalization on the reference image by the
image processor; and determining, by the second determi-
nation device, whether each of the plurality of pixel units 1s
defective according to a histogram normalized reference
image.

Optionally, before the step of detecting, by a detector, an
actual value of an electric signal at the first electrode of the
driving transistor in each of the plurality of pixel units when
the display panel reaches target brightness, the detection
method further includes steps of: obtaining, by a theoretical
data obtaining device, a theoretical data voltage of each of
the plurality of pixel units according to the target brightness;
obtaining, by a threshold obtaining device, a threshold
voltage of the driving transistor in each of the plurality of
pixel units; calculating, by a target data obtaining device, a
sum o1 the threshold voltage of the driving transistor 1n each
of the plurality of pixel units and the theoretical data voltage
of the pixel unit, as a target data voltage corresponding to the
pixel unit; and providing, by a data driver, each of the
plurality of pixel units with a respective target data voltage
so that the display panel reaches the target brightness.

Optionally, the step of obtaining, by a theoretical data
obtaining device, a theoretical data voltage of each of the
plurality of pixel units according to the target brightness
includes: obtaining, by the theoretical data obtaining device,
a target grayscale according to the target brightness; and
determining the theoretical data voltage corresponding to the
target grayscale according to a correspondence between a
grayscale and a data voltage.

Optionally, the step of obtaining, by a threshold obtaining,
device, a threshold voltage of the driving transistor in each
of the plurality of pixel units includes: providing, by the data
driver, an 1nitial data voltage to the plurality of pixel units of
the display panel so that the display panel reaches a full dark
state; and obtaining, by the threshold value obtaining device,
a voltage at the first electrode of the driving transistor in
cach of the plurality of pixel units as the threshold voltage
of the driving transistor.

Optionally, each of the plurality of pixel units further
includes a detection transistor and a detection capacitor, and
a first electrode of the detection transistor 1s connected to the
first electrode of the driving transistor, a control electrode of
the detection transistor 1s connected to a control signal line,
a second electrode of the detection transistor 1s connected to
a first terminal of the detection capacitor, and a second
terminal of the detection capacitor 1s connected to a detec-
tion signal line, and wherein when the display panel reaches
the target brightness, the detection transistor 1s turned on
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under the control of the control signal line, and the detector
detects a voltage across the detection capacitor as the actual
value of the electrical signal at the first electrode of the
driving transistor.

Optionally, each of the plurality of pixel units further
includes a detection transistor and a detection capacitor, and
a first electrode of the detection transistor 1s connected to the
first electrode of the driving transistor, a control electrode of
the detection transistor 1s connected to a control signal line,
a second electrode of the detection transistor 1s connected to
a first terminal of the detection capacitor, and a second
terminal of the detection capacitor 1s connected to a detec-
tion signal line, and wherein when the display panel reaches
the full dark state, the detection transistor 1s turned on under
the control of the control signal line, and the detector detects
a voltage across the detection capacitor as the threshold
voltage of the driving transistor.

In another aspect of the disclosure, a detection device of
a display panel 1s provided, the display panel includes a
plurality of pixel units, each of the plurality of pixel units
includes a light emitting diode and a pixel circuit for driving
the light emitting diode, the pixel circuit includes a driving,
transistor with a first electrode of the driving transistor
connected to the light emitting diode, and the detection
device includes: a detector, configured to detect an actual
value of an electric signal at the first electrode of the driving,
transistor 1n each of the plurality of pixel units when the
display panel reaches target brightness, and an analyzer,
configured to determine, according to the actual value of the
clectrical signal corresponding to each of the plurality of
pixel units, whether each of the plurality of pixel units 1s
defective.

Optionally, the analyzer includes: a calculating device,
configured to calculate a difference between a standard value
and the actual value of the electric signal corresponding to
cach of the plurality of pixel units; a comparator, configured
to compare a predetermined value with the difference cor-
responding to each of the plurality of pixel units; and a first
determination device, configured to determine a pixel unit
corresponding to the difference as a defective pixel unit
when the difference 1s greater than the predetermined value,
and to determine a defect type of the defective pixel unit
according to a correspondence between each of a plurality of
defect types and a respective one of diflerence ranges.

Optionally, the standard value 1s an average value of the
actual values of the electrical signals corresponding to the
plurality of pixel units of the display panel.

Optionally, the detection device further includes: a statis-
tic calculator, configured to count a number of pixel units
belonging to each of the plurality of defect types according,
to determination result of the analyzer, and to output statis-
tics result.

Optionally, the analyzer includes: an 1mage generator,
configured to generate a reference i1mage, the reference
image comprising a plurality of pixel points having a
one-to-one correspondence to the plurality of pixel units of
the display panel, a grayscale of each of plurality of pixel
points being positive correlated with the actual value of the
clectrical signal at the first electrode of the driving transistor
in the respective one of the plurality of pixel units; an image
processor, configured to perform a histogram normalization
on the reference 1mage; and a second determination device,
configured to determine whether each of the plurality of
pixel units 1s defective according to a histogram normalized
reference image.

Optionally, the detection device further includes: a theo-
retical data obtaining device, configured to obtain a theo-
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4

retical data voltage of each of the plurality of pixel units
according to the target brightness; a threshold obtaining
device, configured to obtain a threshold voltage of the
driving transistor in each of the plurality of pixel units; a
target data obtaining device, configured to calculate a sum of
the threshold voltage of the driving transistor in each of the
plurality of pixel units and the theoretical data voltage of the
pixel unit, as a target data voltage of the pixel unit; and a data
driver, configured to provide each of the plurality of pixel
units with a respective target data voltage so that the display
panel reaches the target brightness.

Optionally, the theoretical data obtaining device 1s con-
figured to obtain a target grayscale according to the target
brightness; and to determine the theoretical data voltage
corresponding to the target grayscale according to a corre-
spondence between a grayscale and a data voltage.

Optionally, the data drniver 1s configured to provide an
initial data voltage to the plurality of pixel units of the
display panel so that the display panel reaches a full dark
state; the detector 1s configured to detect a voltage at the first
clectrode of the driving transistor in each of the plurality of
pixel units when the display panel reaches the full dark state;
and the threshold value obtaining device i1s configured to
obtain the voltage at the first electrode of the driving
transistor 1 each of the plurality of pixel units when the
display panel reaches the full dark state, as the threshold
voltage of the driving transistor.

Optionally, each of the plurality of pixel units further
includes a detection transistor and a detection capacitor, and
a first electrode of the detection transistor 1s connected to the
first electrode of the driving transistor, a control electrode of
the detection transistor 1s connected to a control signal line,
a second electrode of the detection transistor 1s connected to
a first terminal of the detection capacitor, and a second
terminal of the detection capacitor 1s connected to a detec-
tion signal line, and wherein when the display panel reaches
the target brightness, the detection transistor 1s turned on
under the control of the control signal line, and the detector
detects a voltage across the detection capacitor as the actual
value of the electrical signal at the first electrode of the
driving transistor.

Optionally, each of the plurality of pixel units further
includes a detection transistor and a detection capacitor, and
a first electrode of the detection transistor 1s connected to the
first electrode of the driving transistor, a control electrode of
the detection transistor 1s connected to a control signal line,
a second electrode of the detection transistor 1s connected to
a first terminal of the detection capacitor, and a second
terminal of the detection capacitor 1s connected to a detec-
tion signal line, and wherein when the display panel reaches
the full dark state, the detection transistor 1s turned on under
the control of the control signal line, and the detector detects
a voltage across the detection capacitor as the threshold
voltage of the driving transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which provide a further
understanding of the disclosure and constitute a part of the
specification, are used in conjunction with the following
specific embodiments to explain the disclosure, but are not
intended to limit the disclosure. In the drawings:

FIG. 1a 1s a structural schematic diagram of a pixel unit
in a display panel under test;

FIG. 15 1s a schematic diagram 1llustrating a configuration
of a plurality of pixel units 1n the display panel;



US 10,593,242 B2

S

FIG. 2 1s a flowchart of a method for detecting a display
panel according to an embodiment of the present disclosure;

FI1G. 3a 1s a histogram corresponding to a reference image
prior to histogram normalization;

FI1G. 35 1s a histogram corresponding to a reference image
after histogram normalization;

FIG. 4 1s a structural schematic diagram of a detection
device according to an embodiment of the present disclo-
sure; and

FIG. 5§ 1s a structural schematic diagram of a detection
device according to another embodiment of the present
disclosure.

DETAILED DESCRIPTION

Specific embodiments of the present disclosure are
described 1n detail below with reference to the accompany-
ing drawings. It should be understood that the specific
embodiments described herein are only used for describing
and explaining the disclosure, but not for limiting the
disclosure.

An organic electroluminescent display panel includes a
plurality of pixel units, and a light-emitting diode (LED) and
a pixel driving circuit for driving the light-emitting diode are
provided in each of the pixel units. During display, a
magnitude of a current applied to the LED 1s aflected by a
threshold voltage of a driving thin film transistor (TFT)
connected to the LED. Because the threshold voltage and a
mobility of a driving TFT 1n one pixel unit are different from
those of a driving TFT in another pixel unit, the current
applied to an LED 1n one pixel unit 1s different from that
applied to an LED 1n another pixel unit, whereby reducing
the display brightness uniformity of the display panel,
resulting 1n display defects such as spots 1n the area. It 1s
desirable to quickly determine whether a pixel unit has a
defect.

FIG. 1a shows a structural schematic diagram of each of
a plurality of pixel units 1n a display panel under test in the
present disclosure. As shown i FIG. 1a, each pixel umt
includes a light-emitting diode 10 and a pixel circuit 11 for
driving the light-emitting diode 10. The pixel circuit 11
includes a write transistor T1, a driving transistor T2, and a
storage capacitor C1. The gate of the write transistor T1 1s
connected to the gate line Scanl corresponding to the pixel
unit. The first electrode of the write transistor T1 1s con-
nected to the data line Data corresponding to the pixel unait,
and the second electrode of the write transistor T1 1is
connected to a gate of the driving transistor T2 and a {first
terminal of the storage capacitor C1. The drniving transistor
12 provides a driving current for the LED 10. A first
clectrode of the driving transistor T2 1s connected to a
second terminal of the storage capacitor C1 and an anode of
the LED 10, the connection may be direct connection or
indirect connection, for example, another transistor 1s dis-
posed between the first electrode of the driving transistor T2
and the light emitting diode 10. A second electrode of the
driving transistor T2 1s connected to the power supply
terminal ELVDD; and the gate of the driving transistor T2
receives a data signal from the data line Data, and controls
the light-emitting diode to emit light according to the data
signal. A cathode of the light emitting transistor 10 1s
connected to the low level signal terminal ELVSS. Fach
pixel unit further includes a detection transistor T3. Agate of
the detection transistor 13 1s connected to the control signal
line Scan2. A first electrode of the detection transistor T3 is
connected to the first electrode of the driving transistor T2.
A second electrode of the detection transistor T3 1s con-
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6

nected to a detection signal line Sense. Each detection signal
line Sense may also be connect 1n series with a detection
capacitor C.

FIG. 15 1s a schematic diagram 1llustrating a configuration
of a plurality of pixel units in a display panel. As shown 1n
FIG. 1b, the gate of each of detection transistors 13 1n the
same row 1s connected to the same control signal line Scan2,
and the second electrode of each of the detection transistors
13 in the same column 1s connected to the same detection
signal line Sense. Only some signal lines are shown 1n FIG.
15, other lines are omuitted.

FIG. 2 1s a flowchart of a method for detecting a display
panel according to an embodiment of the present disclosure.
As shown 1n FIG. 2, the detection method includes a step
S11 and a step S12.

In the step S11, an actual value of an electrical signal at
the first electrode of the driving transistor T2 1n each pixel
umit when the display panel reaches target brightness i1s
detected by a detector. The electrical signal includes a
voltage signal and/or a current signal.

In the step S12, it 1s determined whether a pixel unit 1s
defective by an analyzer according to the actual value of the
clectrical signal corresponding to the pixel unit. Other pixel
units except for this pixel unit may be detected 1n the same
way, so as to determine whether each of the pixel units 1s
defective.

When a pixel unit displays preset brightness, the value of
the electrical signal at the first electrode of the dniving
transistor T2 1n the pixel unit 1s a predetermined value which
1s recorded as a standard value. If the pixel unit 1s normal,
that 1s, 1f the pixel unit has no defect. There 1s a large
difference between the standard value and an actual value of
the electric signal at the first electrode of the driving
transistor 12 in the pixel unit, 11 the pixel unmit 1s abnormal.
Theretfore, in the step S12, 1t may be determined whether
cach pixel unit 1s defective according to the determination
whether there 1s a large difference between the standard
value and the actual value of the electric signal correspond-
ing to the pixel unit. Optionally, other methods may also be
used.

In the detection method of the present disclosure, since it
1s determined whether a pixel unit 1s defective according to
the actual value of the electric signal at the first electrode of
the driving transistor T2 1n the pixel unit, during a batch
detection process 1t 1s possible to determine whether each
pixel unit 1s defective according to the electric signal cor-
responding each pixel unit by providing the display panel
with a driving voltage required for the target brightness, so
as to eliminate the need for artificially analyzing a display
image of the display panel, which improves detection etli-
ciency and production yield.

Specifically, step S12 may include: a step S121a and a
step S1215.

In the step S121a, the difference between the standard
value and the actual value of the electric signal correspond-
ing to the pixel unit 1s calculated by a calculating device.

In the step S121b, a predetermined value and the difler-
ence corresponding to the pixel unit are compared by a
comparator.

When the difference 1s greater than the predetermined
value, a first determination device determines that the pixel
unit corresponding to the difference 1s a defective pixel umt
and determines a defect type of the defective pixel umnit
according to a correspondence between each of a plurality of
defect types and a respective one of difference ranges. There
may be many defect types such as short circuit, open circuit,
ctc. Because the defects of the pixel units 1n display panel
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may be different from each other, the differences corre-
sponding to the pixel units may be different from each other.
As described above, 11 a pixel unit 1s normal, the value of the
clectrical signal at the first electrode of the driving transistor
12 1n the pixel unit 1s a predetermined value. IT a pixel unit
has defects such as short circuit, open circuit, etc., there wall
be a significant difference between the standard value and
the actual value of the electrical signal at the first electrode
of the driving transistor 12 in the defective pixel unait.
Different defect types result 1n diflerent differences. Specifi-
cally, 1f a short circuit occurs 1n the pixel unit, the voltage at
the first electrode of the driving transistor T2 1s substantially
the same as a voltage of the power supply terminal ELVDD.
If an open circuit occurs 1n the pixel unit, the voltage at the
first electrode of the driving transistor T2 1s substantially
zero. Therefore, a defect type of the pixel unit may be easily
determined according to the actual value of the voltage
signal at the first electrode of the driving transistor T2.
The above standard value and difference ranges corre-
sponding to the plurality of defect types may be set 1n
advance. For example, before the batch detection, a driving
signal corresponding to the target brightness may be pro-
vided to a plurality of normal pixel units and to each of
defective pixel units whose defect type 1s known. Then, the
magnitude (1.e., the standard value) of the electrical signals
at the first electrodes of the driving transistors 12 in the
normal pixel umits are the same and detected, and the
magnitude (1.e., actual values) of the electrical signals at the
first electrodes of the driving transistors T2 in defective pixel
units are different from each other and detected respectively.
Thus, a range of the difference between the standard value
and the actual value of the electrical signal of each of
defective pixel umits which has the known defect type is
obtained as the difference range corresponding to the known
defect type. Other difference ranges corresponding to other
known defect types may be obtained in the same way.
Considering actual production, the proportion of defective
pixel units 1n the entire display panel 1s very small. There-
fore, 1n the present disclosure, the standard value 1s set as an
average value of the actual values of the electrical signals
corresponding to the pixel units detected 1n step S11.
Therefore, during batch detection, 1t 1s possible to deter-
mine quickly the defect the display panel has by detecting
the actual value of the electric signal at the first electrode of
the driving transistor 12, obtaining the difference between
the actual value and the standard value, and determining the
defect corresponding to a diflerence range that the diflerence

belongs to.

Alternatively, the step S12 may include a step S1224, a
step S122b and a step 122c.

A reference 1mage 1s generated by an image generator
(step S122a). Each of pixel points in the reference image has
a one-to-one correspondence to a respective one of the pixel
units in the display panel, and a grayscale of each pixel point
1s positive correlated with the actual value of the electrical
signal at the first electrode of the driving transistor in the
respective one of the pixel units; and then, a histogram
normalization 1s performed on the reference image and the
histogram normalized reference image 1s displayed by an
image processor (step S122b), so that an operator may
visually see a position of the defective pixel unit (step 122¢).
These steps will be explained 1n detail.

In addition to the above detection process, the detection
method of the display panel may further include a compen-
sation process for compensating the threshold voltage of the
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driving transistor T2 to prevent the different threshold volt-
ages ol different driving transistors T2 from aflecting a
detection result.

First, as shown in FIG. 2, the compensation process
includes a step S01, a step S02, a step S03 and a step S04.

In step S01, a theoretical data voltage 1s obtained accord-
ing to the target brightness by a theoretical data voltage
obtaining device. The theoretical data voltage may refer to
a data voltage required to be provided to the normal pixel
units (1.e., a data voltage provided to a data line correspond-
ing to the normal pixel units) such that the normal pixel units
reach the target brightness. The step S01 may include a step
S01a and a step S01b.

In step S01a, a target grayscale 1s obtained according to
the target brightness by the theoretical data voltage obtain-
ing device. In general, the relationship between the bright-
ness and the grayscale displayed by the display panel
conforms to the following formula (1):

L, =Kxz™ (1)

Where L_ represents the brightness of the z” grayscale, z
represents the z” grayscale, K represents a constant deter-
mined by the display panel, and m represents the gamma
value of the display panel, that is, the z” grayscale has
one-to-one correspondence to the brightness of the z”
grayscale. When the gamma value of the display panel 1is
known, the target grayscale may be determined according to
the above formula (1). To prevent the display panel’s gamma
value from varying during display, the gamma value may be
adjusted at first. Specifically, firstly, various kinds of sample
brightness such as maximum brightness (L. max), interme-
diate brightness (I max/4), a full dark state, and the like,
may be set; secondly, data voltages are then provided to the
pixel units so that the display panel reaches the various kinds
of sample brightness, respectively; thirdly, actual grayscales
cach corresponding to each of the kinds of sample brightness
are obtained according to the correspondence between a data
voltage and a grayscales; and then the gamma value of the
display panel 1s adjusted according to a correspondence
between each of the kinds of sample brightness and respec-
tive one of the actual grayscales.

In step S015, the theoretical data voltage corresponding to
the target grayscale 1s determined by the theoretical data
voltage obtaining device, according to the correspondence
between the grayscale and the data voltage. The grayscale 1s
linecar with the data voltage, and the linearity relationship
may be obtained according to a data voltage range provided
to the display panel and a grayscale range. For example, i
the grayscale range 1s from O to 2355 and the data voltage
range 1s from O to 10V, the grayscale 0 corresponds to the
data voltage OV, and the grayscale 255 corresponds to the
data voltage 10V, so that the linearity relationship between
the grayscale and the data voltage may be obtained.

In step S02, the threshold voltage of the driving transistor
T2 1n each pixel umit 1s obtained by a threshold obtaining
device. The step S02 may include a step S02a and a step
S02b.

In the step S02a, an 1nitial data voltage 1s provided by a
data driver to pixel units of the display panel, so that the
display panel reaches a full dark state. In order to enable the
display panel to reach the full dark state, a data voltage
corresponding to the full dark state may be obtained accord-
ing to the relationship between the brightness and the
grayscale and the relationship between the grayscale and the
data voltage. In practical applications, 1n order to enable the
display panel to reach the full dark state more accurately,
first a data voltage may be provided to pixel units, so that the
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brightness of the display panel 1s slightly greater than zero.
Then, the data voltage for the pixel units 1s adjusted so that
cach of the pixel unit reaches the full dark state.

In the step S025, a voltage at the first electrode of each of
the driving transistors 12 1s obtained by a threshold obtain-
ing device, as the threshold voltage of the driving transistor
12. The threshold voltages of the driving transistors in the
pixel units are different from each other.

The process of obtaining the voltage at the first electrode
of each drniving transistor T2 may include: providing an
on-signal for the control signal line Scan2 row by row, so
that the detection transistors 13 turn on 1n unit of row. Upon
the detection transistors 13 1n a row turn on, the detection
capacitors C on the detection signal line Sense correspond-
ing to the row start to be charged. After the detection
capacitors C being charged for a period of time, a voltage
across each of detection capacitors C 1n the row 1s detected
to obtain the voltage at the first electrode of each of the
driving transistors 12 in this row.

In the step S03, a sum of the threshold voltage of the
driving transistor T2 in each of the pixel units and the
theoretical data voltage 1s calculated by a target data obtain-
ing device, as a target data voltage of each of pixel units.

In the step S04, each of pixel units 1s provided with the
corresponding target data voltage by a data driver, so that the
display panel reaches the target brightness.

Until now, the compensation process 1s completed. Sub-
sequently, the detection process 1s performed. The detection
process specifically includes a step S11 and a step S12.

In the step S11, an actual value of an electric signal at the
first electrode of the driving transistor T2 1n each of the pixel
units when the display panel reaches target brightness 1s
detected by a detector. The detection process 1s the same as
the process of the above step S025 of obtaining a voltage at
the first electrode of the driving transistor 12 in each of the
pixel units. That 1s, an on-signal 1s provided to the control
signal line Scan2 row by row, and a voltage across each of
the detection capacitors C connected to each of the detection
signal lines Sense 1s detected.

In the step S12, it 1s determined by an analyzer, whether
cach of the pixel units 1s defective, according to the actual
value of the electrical signal (1.e., a voltage at the first
clectrode of the driving transistor T2) corresponding to each
of the pixel units.

Optionally, the step S12 may 1nclude a step S121a, a step
S12156 and a step S121c.

In step S121a, a difference between the standard value
and the actual value of the electric signal corresponding to
cach of the pixel units 1s calculated by a calculating device,
and the difference 1s the actual value minus the standard
value.

In the step S1215b, the diflerence corresponding to each of
the pixel units 1s compared with a predetermined value by
the comparator. When the difference 1s greater than the
predetermined value, the pixel unit corresponding to the
difference 1s determined as a defective pixel unit by a first
determination device. A defect type of the defective pixel
unit 1s determined according to a correspondence between
cach of the defect types and a respective one of diflerence
ranges. For example, the predetermined value may be 1V,
and the defect types may include: an short circuit inside the
pixel circuit (the corresponding difference range 1s from 1V
to 20V), an open circuit 1nside the pixel circuit (the corre-
sponding difference range 1s from —10V to —1V). When the
difference detected in the step S12 1s between 1V and 20V,
it 1s determined that the defect type of the pixel circuit is
short circuit mnside the pixel circuit (actually, when a short
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circuit occurs, the actual value of the voltage at the first
clectrode of the driving transistor T2 1s large, and after the
standard value 1s subtracted therefrom, the resultant actual
value 1s still a larger value). When the difference detected in
the step S12 1s between —10V and -1V, 1t 1s determined that
the defect type 1s open circuit inside the pixel circuit (1n fact,
when an open circuit occurs, the voltage at the first electrode
of the driving transistor T2 1s substantially zero, and after the
standard value 1s subtracted therefrom, the resultant voltage
1s about the opposite value of the standard value.)

In step S121¢, the number of pixel units belonging to each
of the defect types 1s counted by a statistic calculator, and
statistics result 1s output. In actual production, when the total
number of defective pixel units or the number of pixel units
belonging to a certain defect type 1s greater than a given
value, the display panel 1s regarded as a defective product.
The number of pixel unmits belonging to each of the defect
types may be 0, 1, 2, or more. When the number of pixel
units belonging to defect type A (e.g., short circuit) 1s O,
which means that no pixel unit has the defect type A. When
the number of pixel units belonging to defect type B (e.g.,
open circuit) 1s 1, which means that only one pixel unit
belongs to defect type B. Therelore, after performing the
statistics 1n the step S121c¢, 1t 1s more convenient for an
operator or a processor to further determine whether the
display panel 1s a good product. This disclosure does not
limit the output manner of the statistical result. For example,
the statistical result may be outputted by being played in
form of an audio, or the statistical result may be outputted
by being displayed 1n form of an image.

Alternatively, the step S12 may include step a S122a, a
step S1226 and a step S122c¢.

In the step S122a, a reference 1mage 1s generated by an
image generator, the reference image includes a plurality of
pixel points having a one-to-one correspondence to the pixel
units of the display panel (1.e., each of the pixel points
corresponds to a respective one of the pixel units), a gray-
scale of each pixel point 1s positive correlated with the actual
value of the electrical signal at the first electrode of the
driving transistor 12 1n the respective one of the pixel units.

In the step S1225, a histogram normalization 1s performed
on the reference 1image by an 1mage processor.

In step S122¢, 1t 1s determined, by a second determination
device, whether each of the pixel units 1s defective, accord-
ing to the histogram normalized reference image.

In normal pixel units and pixel units with various defect
types, the voltages at the first electrodes of the driving
transistors T2 are different from each other. In the normal
pixel unit, the voltage at the first electrode of the driving
transistor T2 1s the same as or similar to the standard value;
in the pixel unit 1n which the short circuit occurs, the voltage
at the first electrode of the driving transistor T2 1s relatively
large; 1n the pixel unit 1n which the open circuit occurs, the
voltage at the first electrode of the driving transistor T2 1s
about zero.

Since the grayscale of each pixel point 1n the reference
image 1s positive correlated with the voltage at the first
clectrode of the driving transistor T2 1n the respective one of
the pixel units 1n display panel, that 1s, the larger the voltage
at the first electrode of the driving transistor T2 1n one of the
pixel units 1n display panel 1s, the larger the grayscale of the
respective pixel point 1n the generated reference image 1s.
Therefore, whether a pixel unit 1s defective may be deter-
mined according to the grayscale of pixel point of the
reference 1mage corresponding to the pixel unmit. In step
S122b, the histogram normalized reference image may be
displayed for the operator to observe so as to visually
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recognize the position of a defective pixel unit 1n the display
panel and defect type thereot according to the grayscale (1.e.,
the degree of bright or dark) of each of the pixel points in the
reference 1image.

The above step S12 includes two specific implementa-
tions (shown as the step S12a and the step S126 1n FIG. 2).
One or both of the implementations may be selectively
executed.

FI1G. 3a 1s a histogram corresponding to a reference image
betfore histogram normalization, and FIG. 35 1s a histogram
corresponding to a histogram normalized reference image,
in each of which a horizontal axis 1s an actual value of the
voltage signal at the first electrode of the driving transistor
12, and the vertical axis 1s the number of the pixel units. It
may be seen from FIG. 3a and FIG. 36 that before the
histogram normalization, the voltages at the first electrodes
of all driving transistors 12 are 1n a relatively concentrated
range, resulting 1n the contrast of the reference image being
small and not easy to observe. After undergoing the histo-
gram normalization, the contrast of the reference 1mage 1s
increased, and 1t 1s easier to observe the diflerence in
grayscale between the pixel points each corresponding to
one of the different defect types of pixel units, which
tacilitates to determine the position and defect type of each
of defective pixel units in the display panel. Furthermore,
the reference 1image may not be displayed. A processor with
a data processing function can determine whether a pixel
unit 1s defective according to the grayscale of the respective
pixel point 1n the 1image.

FIG. 4 1s a structural schematic diagram of a detection
device according to an embodiment of the present disclo-
sure. As shown 1s FIG. 4, the detection device includes a
detector 21 and an analyzer 22. The detector 1s configured to
detect an actual value of an electrical signal at the first
clectrode of the driving transistor T2 1n each pixel unit when
the display panel reaches target brightness. The electrical
signal includes a voltage signal and/or a current signal. The
analyzer 22 1s connected to the detector 21 and configured
to determine whether a pixel unit 1s defective according to
the actual value of the electrical signal corresponding to the
pixel unit. As stated above, the electrical signal herein 1s a
voltage signal at the first electrode of the driving transistor
12.

When the display panels are detected in batch by the
detection device herein, the detector 21 detects the actual
value of an electric signal at the first electrode of the driving
transistor 12 in each of the pixel units, and the analyzer 22
determines, according to the actual value of the electrical
signal corresponding to each of the pixel units, whether the
respective one ol the pixel umts 1s defective, so as to
climinate the need for artificially analyzing a display image
of the display panel, which improves detection efliciency
and production yield.

As shown 1n FIG. 4, according to an embodiment, the
analyzer 22 may include a calculating device 221, a com-
parator 222 and a first determination device 223. The
calculating device 221 1s connected to the detector 21 and
configured to calculate the difference between the standard
value and the actual value of the electric signal correspond-
ing to each of the pixel units. The comparator 222 1is
connected to the calculating device 221 and configured to
compare a predetermined value with the difference corre-
sponding to each of the pixel units. The first determination
device 223 1s connected to the comparator 222, and config-
ured to determine that the pixel unit corresponding to the
difference 1s a defective pixel unit when the difference 1is
greater than the predetermined value, and to determine a
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defect type of the defective pixel unit according to a corre-
spondence between each of the defect types and a respective
one of difference ranges. The analyzer 22 determines
whether a pixel unit 1s defective according to the predeter-
mined value and the difference corresponding to the pixel
unmit, and determines the defect type corresponding to a
difference range that the difference belongs to, so as to
determine quickly the defect the display panel has. Specifi-
cally, the standard value 1s an average value of actual values
of electrical signals corresponding to the pixel units of the
display panel.

In order to facilitate the operator to further determine the
overall quality of the display panel, the detection device may
further include a statistic calculator 23 connected to the
analyzer 22 and configured to count the number of pixel
units belonging to each of the defect types and to output
statistics result. As a result, 1t 1s more convenient for the
operator or other processors to further determine whether the
display panel 1s a good product according to the number of
defective pixel umits. The statistic calculator 23 may be
connected to an audio player (not shown) so that the
statistical result may be outputted 1n form of audio; alter-
natively, the statistic calculator 23 may be connected to a
display (not shown), so that the statistical result may be
displayed on the display.

FIG. 5 1s a structural schematic diagram of a detection
device according to another embodiment of the present
disclosure. As shown in FIG. 5, optionally, an analyzer 22A
according to an embodiment may include an 1mage genera-
tor 224, an 1mage processor 225 and a second determination
device 226.

The 1image generator 224 1s connected to the detector 21
and configured to generate a reference 1mage according to an
actual value of an electric signal at the first electrode of the
driving transistor T2 1n each of the pixel units detected by
the detector 21. The reference 1image includes a plurality of
pixel points having a one-to-one correspondence to the pixel
units 1n the display panel, and a grayscale of each pixel point
1s positive correlated with the actual value of the electrical
signal at the first electrode of the driving transistor 12 1n the
respective one of the pixel units. The image processor 225
1s connected to the image generator 224 and configured to
perform a histogram normalization on the reference image.
The second determination device 226 1s connected to the
image processor 225 and configured to determine whether
cach of the pixel units 1s defective according to the histo-
gram normalized reference image.

In order to facilitate the operator to further determine the
overall quality of the display panel and the position of each
of defective pixel units directly and visually, the detection
device may further include an 1mage display 28. The image
display 28 1s configured to display the histogram normalized
reference image.

It should be noted that either or both of the analyzers 1n
the above embodiments may be used.

In the present disclosure, the analyzer 22 may be inte-
grated 1nto a processor of a computer, and the computer and
the detector 21 are connected to each other through USB or
network port transmission so that the analyzer 22 receives
cach of the values detected by the detector 21. It 1s under-
stood that the analyzer 22 may perform numerical conver-
s1ion on the received data so that a voltage value 1s convert
into a digital signal, before performing the calculation.
During the histogram normalization, the voltage range cor-
responding to the voltage at the first electrode of the driving
transistors T2 1s extended to a maximum numerical range,
such as 0 to 1023, by the image processor 225. When the
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voltage range corresponding to the voltage at the first
clectrode of the driving transistor T2 1s between OV and 3V,

cach voltage in the voltage range 1s mapped to a numerical
range of 0~1023.

In order to prevent different threshold voltages of different
driving transistors T2 from aflecting a detection result, each
of the detection devices according to the embodiments of the
present disclosure may further include a compensation
device 20 for compensating the threshold voltage of each of
the driving transistors T12.

The compensation device 20 may include a theoretical
data obtaining device 24, a threshold obtaining device 25, a
target data obtaiming device 26 and a data driver 27.

The theoretical data obtaining device 24 obtains a theo-
retical data voltage according to the target brightness. Spe-
cifically, the theoretical data voltage obtaining device 24
may obtain a target grayscale according to the target bright-
ness, and determine the theoretical data voltage correspond-
ing to the target grayscale according to the correspondence
between the grayscale and the data voltage.

The data driver 27 may provide an initial data voltage for
pixel units of the display panel during threshold compensa-
tion, so that the display panel reaches a full dark state. The
brightness of the display panel may be detected by a point
type grayscale meter. The detector 21 may detect the voltage
at the first electrode of the driving transistor T2 in each of
the pixel umts when the display panel reaches a full dark
state. The data driver 27 may specifically include a data
driving unit, a gate dniving umt, and a timing control unit. In
the threshold compensation stage, the timing control unit
controls the gate driving umt to provide sequentially a
scanning signal for the pixel units in unit of row. Upon a row
1s scanned, the data driving unit provides an initial data
voltage to the pixel units 1n the scanned row. The process to
make the display panel reach the full black state may be
referenced to the step S02a described above, and details
thereol are not described herein again.

The threshold obtaining device 25 1s configured to obtain
the threshold voltage of the driving transistor T2 1n each of
the pixel units. Specifically, the threshold obtaiming device
235 may obtain the voltage, detected by the detector 21, at the
first electrode of the driving transistor 12 in each of the pixel
units when the display panel reaches the full dark state, as
the threshold voltage of the driving transistor 1T2. The
threshold voltages of the driving transistors 12 in the pixel
units may be different from each other.

The target data obtaining device 26 1s connected to the
theoretical data obtaining device 24 and the threshold
obtaining device 25, respectively, and the target data obtain-
ing device 26 1s configured to calculate a sum of the
threshold voltage of the driving transistor 12 in each of pixel
units and the theoretical data voltage, as a target data voltage
corresponding to pixel unit.

The data driver 27 1s connected to the target data obtain-
ing device 26, and configured to provide each of the pixel
units with the corresponding target data voltage, during the
detection stage after the threshold compensation stage, so
that the display panel reaches the target brightness. At this
time, the detector 21 may detect the actual value of the
clectric signal (specifically, a voltage signal) at the first
clectrode of the driving transistor T2 1n each of the pixel
units 1n the display panel, and determine whether each of the
pixel units 1s defective and the defect type of each of
defective pixel units. The process for detecting the voltage
may be referenced to the above step S11, and the details
thereol will not be described again.
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When a display panel 1s detected by the detection device,
during threshold compensation, the theoretical data obtain-
ing device 24 may obtain the theoretical data voltage accord-
ing to the target brightness. The threshold obtaining device
25 may obtain the threshold voltage of the driving transistor
T2 1 each of the pixel units. The target data obtaining
device 26 may obtain the target data voltage according to the
threshold voltage and the theoretical data voltage. The data
driver 27 may provide the target data voltage to the display
panel. During detection, the detector 21 may detect the
actual value of an electric signal at the first electrode of each
of the driving transistors T2. The analyzer 22 may determine
whether each of pixel units 1s defective according to the
actual value of each of the electrical signals, and further
determine the defect type of each of defective pixel units.
The statistic calculator 23 may count the number of pixel
units belonging to each of defect types and output statistics
result. The 1mage display 28 may display the reference
image, so that an operator may visually observe the state of
cach of the pixel units 1n the display panel. The principle of
the detection method has been described above, and 1s not
described in detail again here.

It should be noted that, each of the elements shown in
FIGS. 4 and 5 may be implemented by hardware, software,
or a combination of hardware and software. In an embodi-
ment, each of the elements shown i FIGS. 4 and 5 may be
implemented by an 1ntegrated circuit (IC) having the corre-
sponding function. In another embodiment, each of the
clements shown 1n FIGS. 4 and 5 may be implemented by
a computer and solftware stored in the memory of the
computer, wherein a processor of the computer may execute
the software to implement a function of each of the elements
shown in FIGS. 4 and 5.

During the batch detection process 1n the present disclo-
sure, 1t 15 possible to determine whether each pixel unit 1s
defective by detecting an actual value of the electric signal
at the first electrode of the driving transistor 12 1n each of
the pixel units and according to the actual value, so as to
climinate the need for artificially analyzing a display image
of the display panel, which improves detection efliciency
and production vield. Specifically, by obtaining the difler-
ence between the actual value and the standard value, and by
determining the defect type corresponding to a difference
range that the difference belongs to, 1t 1s possible to deter-
mine quickly the defect that the display panel has, to further
determine the number of pixel units belonging to each of
defect types, and to output statistics result. Alternatively, an
reference 1mage may be generated according to the actual
value of the voltage at the first electrode of each of the
driving transistors 12. Since the defect type of each pixel
unmit has a direct correlation with the actual value of the
voltage at the first electrode of each of the driving transistors
12, therefore, the position and the defect type of the defec-
tive pixel unit may be visually observed by referring to the
reference 1image.

It should be understood that the above implementations
are merely exemplary embodiments for the purpose of
illustrating the principles of the present disclosure, however,
the present disclosure 1s not limited thereto. It will be
apparent to those skilled in the art that various changes and
modifications may be made without departing from the spirit
and essence of the present disclosure, which are also to be
regarded as falling within the scope of the present disclo-
sure.

What 1s claimed 1s:

1. A detection method of a display panel, the display panel
comprising a plurality of pixel units, each of the plurality of




US 10,593,242 B2

15

pixel units comprising a light emitting diode and a pixel
circuit for driving the light emitting diode, the pixel circuit
comprising a driving transistor with a first electrode of the
driving transistor connected to the light emitting diode, the
detection method comprising steps of:

detecting, by a detector, an actual value of an electric

signal at the first electrode of the driving transistor in
cach of the plurality of pixel units when the display
panel reaches target brightness, and

determining, by an analyzer, according to the actual value

of the electrical signal corresponding to each of the
plurality of pixel units, whether each of the plurality of
pixel units 1s defective,
wherein before the step of detecting, by a detector, an
actual value of an electric signal at the first electrode of
the driving transistor 1n each of the plurality of pixel
unmits when the display panel reaches target brightness,
the detection method further comprises steps of:

obtaining, by a theoretical data obtaining device, a theo-
retical data voltage of each of the plurality of pixel units
according to the target brightness;

obtaining, by a threshold obtaining device, a threshold

voltage of the driving transistor 1n each of the plurality
of pixel units;

calculating, by a target data obtaining device, a sum of the

threshold voltage of the driving transistor in each of the
plurality of pixel units and the theoretical data voltage
of the pixel unit, as a target data voltage corresponding
to the pixel unit; and

providing, by a data driver, each of the plurality of pixel

unmits with a respective target data voltage so that the
display panel reaches the target brightness.

2. The detection method according to claim 1, wherein the
analyzer comprises a calculating device, a comparator and a
first determination device, and the step of determining, by an
analyzer, according to the actual value of the electrical signal
corresponding to each of the plurality of pixel units, whether

cach of the plurality of pixel units 1s defective comprises
steps of:
calculating, by the calculating device, a difference

between a standard value and the actual value of the
clectric signal corresponding to each of the plurality of
pixel units;

comparing, by the comparator, a predetermined value

with the difference corresponding to each of the plu-
rality of pixel units; and

determining, by the first determination device, a pixel unit

corresponding to the diflerence as a defective pixel unit
when the difference 1s greater than the predetermined
value, and determining a defect type of the defective
pixel unit according to a correspondence between each
of a plurality of defect types and a respective one of
difference ranges.

3. The detection method according to claim 2, wherein the
standard value 1s an average value of the actual values of the
clectrical signals corresponding to the plurality of pixel units
of the display panel.

4. The detection method according to claim 2, wherein
alter the step of determining, by the first determination
device, a pixel unit corresponding to the difference as a
defective pixel unit when the difference 1s greater than the
predetermined value, and determining a defect type of the
defective pixel unit according to a correspondence between
cach of the plurality of defect types and a respective one of
difference ranges, the detection method further comprises:
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counting a number of pixel units belonging to each of the
plurality of defect types by a statistic calculator, and
outputting statistics result.

5. The detection method according to claim 1, wherein the
analyzer comprises an image generator, an 1mage processor,
and a second determination device, and the step of deter-
mining, by an analyzer, according to the actual value of the
clectrical signal corresponding to each of the plurality of
pixel units, whether each of the plurality of pixel units 1s
defective comprises steps of:

generating a reference image by the image generator, the

reference 1mage comprising a plurality of pixel points
having a one-to-one correspondence to the plurality of
pixel units of the display panel, a grayscale of each of
the plurality of pixel points being positive correlated
with the actual value of the electrical signal at the first
clectrode of the driving transistor 1n the respective one
of the plurality of pixel units;

performing histogram normalization on the reference

image by the image processor; and

determining, by the second determination device, whether

cach of the plurality of pixel units 1s defective accord-
ing to a histogram normalized reference 1mage.
6. The detection method according to claim 1, wherein the
step of obtaining, by a theoretical data obtaining device, a
theoretical data voltage of each of the plurality of pixel units
according to the target brightness comprises:
obtaining, by the theoretical data obtaining device, a
target grayscale according to the target brightness; and

determining the theoretical data voltage corresponding to
the target grayscale according to a correspondence
between a grayscale and a data voltage.

7. The detection method according to claim 1, wherein the
step of obtaining, by a threshold obtaining device, a thresh-
old voltage of the driving transistor in each of the plurality
ol pixel units comprises:

providing, by the data driver, an 1initial data voltage to the

plurality of pixel units of the display panel so that the
display panel reaches a full dark state; and

obtaining, by the threshold value obtamning device, a

voltage at the first electrode of the driving transistor 1n
cach of the plurality of pixel units as the threshold
voltage of the dnving transistor.

8. The detection method according to claim 7, wherein
cach of the plurality of pixel units further comprises a
detection transistor and a detection capacitor, and a first
clectrode of the detection transistor 1s connected to the first
clectrode of the driving transistor, a control electrode of the
detection transistor 1s connected to a control signal line, a
second electrode of the detection transistor 1s connected to
a first terminal of the detection capacitor, and a second
terminal of the detection capacitor 1s connected to a detec-
tion signal line, and wherein when the display panel reaches
the full dark state, the detection transistor 1s turned on under
the control of the control signal line, and the detector detects
a voltage across the detection capacitor as the threshold
voltage of the driving transistor.

9. The detection method according to claim 1, wherein
cach of the plurality of pixel units further comprises a
detection transistor and a detection capacitor, and a first
clectrode of the detection transistor 1s connected to the first
clectrode of the driving transistor, a control electrode of the
detection transistor 1s connected to a control signal line, a
second electrode of the detection transistor 1s connected to
a first terminal of the detection capacitor, and a second
terminal of the detection capacitor 1s connected to a detec-
tion signal line, and wherein when the display panel reaches
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the target brightness, the detection transistor 1s turned on
under the control of the control signal line, and the detector
detects a voltage across the detection capacitor as the actual
value of the electrical signal at the first electrode of the
driving transistor.

10. A detection device of a display panel, the display panel
comprising a plurality of pixel units, each of the plurality of
pixel units comprising a light emitting diode and a pixel
circuit for driving the light emitting diode, the pixel circuit
comprising a driving transistor with a first electrode of the
driving transistor connected to the light emitting diode, the
detection device comprising:

a detector, configured to detect an actual value of an
clectric signal at the first electrode of the driving
transistor 1n each of the plurality of pixel units when the
display panel reaches target brightness, and

an analyzer, configured to determine, according to the
actual value of the electrical signal corresponding to
cach of the plurality of pixel units, whether each of the
plurality of pixel units 1s defective,

wherein the detection device further comprises:

a theoretical data obtaining device, configured to obtain a
theoretical data voltage of each of the plurality of pixel
units according to the target brightness;

a threshold obtaining device, configured to obtain a
threshold voltage of the driving transistor 1n each of the
plurality of pixel units;

a target data obtaining device, configured to calculate a
sum of the threshold voltage of the driving transistor in
cach of the plurality of pixel units and the theoretical
data voltage of the pixel unit, as a target data voltage of
the pixel unit; and

a data driver, configured to provide each of the plurality
of pixel units with a respective target data voltage so
that the display panel reaches the target brightness.

11. The detection device according to claim 10, wherein
the analyzer comprises:

a calculating device, configured to calculate a difference
between a standard value and the actual value of the
clectric signal corresponding to each of the plurality of
pixel unaits;

a comparator, configured to compare a predetermined
value with the difference corresponding to each of the
plurality of pixel units; and

a first determination device, configured to determine a
pixel unit corresponding to the difference as a defective
pixel unit when the difference 1s greater than the
predetermined value, and to determine a defect type of
the defective pixel unit according to a correspondence
between each of a plurality of defect types and a
respective one of diflerence ranges.

12. The detection device according to claim 11, wherein
the standard value 1s an average value of the actual values of
the electrical signals corresponding to the plurality of pixel
units of the display panel.

13. The detection device according to claim 11, wherein
the detection device further comprises:

a statistic calculator, configured to count a number of
pixel units belonging to each of the plurality of defect
types according to determination result of the analyzer,
and to output statistics result.

14. The detection device according to claim 11, wherein

cach of the plurality of pixel units further comprises a
detection transistor and a detection capacitor, and a {first
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clectrode of the detection transistor 1s connected to the first
clectrode of the driving transistor, a control electrode of the
detection transistor 1s connected to a control signal line, a
second electrode of the detection transistor 1s connected to
a first terminal of the detection capacitor, and a second
terminal of the detection capacitor 1s connected to a detec-
tion signal line, and wherein when the display panel reaches
the target brightness, the detection transistor 1s turned on
under the control of the control signal line, and the detector
detects a voltage across the detection capacitor as the actual
value of the electrical signal at the first electrode of the
driving transistor.

15. The detection device according to claim 10, wherein
the analyzer comprises:

an 1mage generator, configured to generate a reference

image, the reference image comprising a plurality of
pixel points having a one-to-one correspondence to the
plurality of pixel units of the display panel, a grayscale
of each of the plurality of pixel points being positive
correlated with the actual value of the electrical signal
at the first electrode of the driving transistor in the
respective one of the plurality of pixel units;

an 1mage processor, configured to perform a histogram

normalization on the reference 1mage; and

a second determination device, configured to determine

whether each of the plurality of pixel units 1s defective
according to a histogram normalized reference image.
16. The detection device according to claim 10, wherein
the theoretical data obtaining device 1s configured to obtain
a target grayscale according to the target brightness; and to
determine the theoretical data voltage corresponding to the
target grayscale according to a correspondence between a
grayscale and a data voltage.
17. The detection device according to claim 10, wherein
the data driver i1s configured to provide an initial data
voltage to the plurality of pixel units of the display
panel so that the display panel reaches a full dark state;

the detector 1s configured to detect a voltage at the first
clectrode of the drniving transistor in each of the plu-
rality of pixel units when the display panel reaches the
full dark state; and

the threshold value obtaining device 1s configured to

obtain the voltage at the first electrode of the drniving
transistor in each of the plurality of pixel units when the
display panel reaches the full dark state, as the thresh-
old voltage of the driving transistor.

18. The detection device according to claim 17, wherein
cach of the plurality of pixel units further comprises a
detection transistor and a detection capacitor, and a first
clectrode of the detection transistor 1s connected to the first
clectrode of the driving transistor, a control electrode of the
detection transistor 1s connected to a control signal line, a

second electrode of the detection transistor 1s connected to
a first terminal of the detection capacitor, and a second
terminal of the detection capacitor 1s connected to a detec-
tion signal line, and wherein when the display panel reaches
the full dark state, the detection transistor 1s turned on under
the control of the control signal line, and the detector detects
a voltage across the detection capacitor as the threshold
voltage of the driving transistor.
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